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The USPHS limits color in water to 15 color units. However, 
it is desirable to remove all the color. Color in surface water is 
mainly due to humic substances and was found in concentrations vary-
ing up to 450 color units. Removal of color by coagulation and 
flocculation has been practiced over the years. The mechanisms in-
volved have not yet been fu'lly understood. 
During the course of this investigation, a literature survey, 
studying the nature of color, mechanisms of color removal, and optimum 
color removal conditions, has been conducted. Samples have been 
obtained from surface waters in Central Florida; namely, Big Econ 
River and Lakes Pickett, Irma, Lee, and Florida. These samples have 
been examined for. color intensity, based on tannic acid, alkalinity 
and pH. The color intensity varied from 3.25 to 35.5. The alkalinity 
varied from 2 to 26 ppm, whereas the pH's varied from 5.3 to 6.35. 
Aluminum sulfate and ferric sulfate were used to remove the 
color from the samples. Optimum conditions for color removal of 
dosages and ph's were made by jar tests. The optimum dosage of Fe2 
(so4) 3 • nH2o and Al2(so4) 3 ·18H20 varied from 33 to 55 mg/1, while the 
optimum . pH's were found to vary from 6-10. Aluminum sulfate was 
found to be the better coagulant for removing color • 
....... 
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1. INTRODUCTION . 
To most people, water that will be used for domestic consump-
tion must be of .high aesthetic quality and meet public health 
standards. Drinking water standards have been set by USPHS to a limit' 
·of 15 color units based on a platinum-cobalt scale (1). Because of 
this, many water treatment facilities are faced with the problems of 
meeting federal and state regulations that, in essence, comply with 
human palatable desires, while protecting the health and well-being 
·of individuals and the coinmuni ty. 
There are, in many areas of the United States, large bodies 
of surface water that, but for a high natural color content, could be 
utilized as a source of public water supp,ly. A}, though, there is. no 
evidenc.e that the presence of organic color in many waters constitutes 
a serious hazard to public health, and indeed the~e are many communi-
ties througho~tthe world that have be.en drinking a highly col-ored 
water for generations w~th no apparent ill effects, (2) today's 
public demands a s~arklingly clear water. 
Table 1-1 shows the range of limits for qolor a~d turbidity 
imposed · on drinking water by USPHS. However, in practice, most muni-
cipal treatment plants strive to maintain finished waters with coior 
values of 10 or less~ Industrial use, on the other hand, requires 
various degrees of peDffiissible color units. T~ble 1-2 shows the 
. range o£ acceptable color units for. sundry industries.' 
TABLE 1-1 (3) 
WATER QUALITY COLOR LIMITS 'FOR DOMESTIC USE 
CRITERION 
Color, Units 
Turbidity, Units 
RECOMMENDED 
UNIT 
. 15 
5 
'TOLERANCE 
UNIT 
20 
10 
!t is obvious, from examining these tables, that a growing 
demand for · clear water will persist • . As the demand increases, engin-
eers · and chemists must strive to meet the challenge of finding or 
2 
modifying' means of insuring amiable water for · the applicable requestor • 
....,... 
...,. .. 
TABLE 1-2 (4) 
WATER QUALITY COLOR LIMITS FOR INDUSTRIAL USE 
USE 
Food Products 
Ice ·Making 
Bottled Beverages 
Pulp and Paper 
Alkaline Pulps 
High Grade Paper 
Special Papers 
Bleached ·Kraft · Papers 
Unbleached Kraft Papers 
Groundwater Paper 
Baking . · 
Textiles 
Cotton 
Rayon 
General 
Boiler Feed Water 
Brewing 
Food Equipment Washing 
Food Processing 
Tanning 
COLOR UNITS 
10 
5 
5-10 
5 
5 
5 
25 
100 
' 30 
10 
50 
5 
5-70 
According 
to pressure 
0-10 
5-20 
,5-10 
10-100 
3 
•' 
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2. OBJECTIVES AND SCOPE 
Central Florida, with its ubiquitous lakes and streams, is 
presently experiencing a population boom. Orange County, in particu-
lar, has found its population increasing steadily. If Orange 
Co~nty's current means of supplying potable water to the population 
should become overtas.ed and/or not sufficient, additional sources, 
such as surface waters which are heavily loaded with organic color, 
must be utilized. It is, therefore, conceivable that in the future, 
the water supply companies in Central Florida will be faced with the 
problems of removing color from their water sources. 
The broad objective of this report is to review the available 
literature for source, r 'emoval techniques, arid conditions . for organic 
color. Evaluation of existing methods for color removal as applied 
to representative lakes and streams in the area were studied. 
Limited experimentation on color remoya~ from water samples brought 
from Big Econ River, Lake Irma, Lake Lee, Lake Pickett, and Lake 
Florida were performed. The efficiency of color removal . by reagent 
grades of Fe2 (so4) 3 ·nH2o and Al2 (so4) 3 •18H2o under optimum conditions 
of dosage and pH were evaluated·. 
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3. LITERATURE REVIEW 
Complex physical and chmical mechanisms governing color con-
stitutents must be appreciated. Therefore, a literature survey of 
sources and na_ture of color, mechanisms of color removal, techniques 
and procedure utilized in color removal will be presented. 
3.1 Sources and Nature of Color 
...,. .. Color in natural wa·ter could be of organic or inorganic 
nature. But since we are only interested in surface waters, the 
organic nature of color will be investigated. The origin of the 
color in surface water, for the most part, can be traced back to the 
decomposition of natural organic matter, such as found in the forests 
or other vegetation sources, which contribute a multiplicity of 
organic compounds. According to Christman and Ghassemi, (5) some 
po·ssible sources of color could arise from: 
1. The aqueous extraction of living woody sub'stances, 
2. The solution of degradation products in decaying wood, 
3. The solution of soil organic m~tter, or 
4 •. A combina-tion of the above. 
It i$ generally agreed that the primary cause of color in 
water is the presence of organic substances known as · humic (6). The 
degree, amount . or ' ki~d of humic substances determines the color of 
the water. 
5 
'Because the color of . ~ater is organic in nature, carbon, 
hydrogen, oxygen, nitrogen, and traces of other elements constitute 
the applicable molecular make-up. The complexity of the make-up 
unfortunately, makes positive identification ne.bulous, thus fosterin'g 
many sundry opinions on what constitutes a color molecule. 
Shapiro, (7) ut~lizing isothermal distillation data, reported 
an average molecular weight of 456, and tha·t the color molecu'les con-
tain .no phe.nolic structur~s, and that they are dibasic polyhydroxy 
aliphatic acids. Other studies reveal varying molecular weights· from · 
less than 800 to as high as 50,000 •. Black ·and Christman (8) classi~ 
fies color solids as aromatic, polyhydroxy methoxy carboxylic acids. 
Christman, (9) also. found in his .analysis that the ·color molecules 
are similar to those in aqueous extractives of wood and soil organic 
matter. 
6 . 
In ·their investigation of the nature of organic color; 
Christman and G~assemi (10) have boldly postulated a proposed structure 
of the color macromolecule (Fig. 3-1). They identified through experi~ · 
mentation seven degradation products of natural color, which according 
to the authors, provided conclusive evidence for the presence of p4en-
olic nuclei in color macromolecule. 
The seven products identified were: vanillin, vanillic acid, 
syringe. ~cid, protocate~huic acid, res6rcinol, catechol and 3,5-
dehydroxy benzoic acid. 
. \ 
It is interesting to note that there have beeri studies conducted 
to determine whether the humic substances found in water samples vary 
t.rom place to plq~e. Shapiro, (11) utilizing chromatographic 
comparison, fpund ·similar patterns in water samples taken from 
~ . 
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Fig. 3-1.--Proposed Structure of Color Macromolec~le (10) 
-...J 
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various lake sources across. the country. Black and Christman, (1~) 
. . 
(13) Packham, (14) - in England,. and Chalupa (15) in Czechoslovakia, all 
working independently, found the absorption spectra of water to be 
remarkably similar; 
Because of the complexity of the problem, there was until 
recently, disagreement pn how color particles are found in water. 
Some authors believed that color exists in water as true solutions, 
while others maintained that natural color exists as a colloidal dis-
persion. For-tunately, Black and Christman, · (~6) utilizing dialysis 
and membrane filtration techniques, estimated the particle si·ze of 
organic matter in water to be less than 10 m~. This diameter size 
clearly indicates that the particles are colloidal in nature. 
The question now arises to ·the charge of the colloidal- par-
ticle. Humic groups are, for the most part, -~egative and thus the 
color particles are more than likely negatively charged with the 
magnitude of charge depending mostly on t~e degree of ionization and 
pH of the water • . Stunun and Morgan (17) state, "although the charge 
I ' ~ 
on a colloidal particle may be due to preferential adsorption of ions 
from the surrounding waters, in many instances of importance in w~ter 
treatment, the charge on a colloidal particle is known to be produced 
predominantly by direct ionization of one of its constituents". · 
In sununary ; the following characteristics can be attributed 
to color particles in water: 
1. Color particles are made up of complex chains of organic 
molecules. 
2. Color particles exhibit colloidal tendencies. 
3. Colo·r particles are negatively charged. 
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3.2 Mechanisms of Color Removal 
The pr'incipal mechanism of color removal is coagulation and 
flocculation which are described as the destabilization, aggregation, 
and binding together of colloids. Coagulation and flocculation are 
achieved by the addition of chemicals which tend to destabilize the 
co·lloidal particle. Coagulation results from particle destabiliza-
tion by changing the repulsive potential· of the double layer '(zeta 
potential neutralization) surrounding the ·partic1e. Flocculation, on 
the other hand, implies a chemical bridging or binding mechanism that 
e~meshes the particles into groups. Consequently, flocculation will 
take place ~fter coagulation, and coagulation cannot be achieved 
without .particle destabilization. 
To discuss stabilization ' and destabilization, a knowledge of . 
the forces act.ing on a colloidal particle must be fully understood. 
Stability refers to the property of dispersion among the particles 
while instability or destabilizat.ion refers to the property of 
coalescence among the particles. 
•• 
The presence of an electrical charge on the surface of the 
.colloidal particle whether ·from the ionization of complex organic 
molecules, or some other means, and the encompassing of bound water 
molecules· are· largely responsible for the particles stabil~ty. Be-
cause these particles possess like 'charges, they repel each other and 
remain stable in solution. Obviously, this stability is a function 
of several . factors which can be equated to the zeta potential. The 
Z~ta . potential . ~s, 
' ·. 
where: 
. ' 
= 47TcSq 
D 
z;; = zeta po.tential - (mv.) 
q = relative charge on the particle - (mv.) 
cS = thickness of the layer around the particle - . (em.) 
D = dielectric constant of the liquid - .(em.) 
As mentioned previously, the colloidal particles pos~ess a 
negative charge. If the negative charge can be neutralized and· de-
. -
crease 'the zeta potential, the colloidal system loses some of its 
stability. This can be achieved by coagulation. Fi~. 3-2 shows a 
colloida~ particl~ with 'its accompanying double layer and potentia~s ~ 
Two theories have been proposed to explain the mechanism of 
coagulation: 
1. Chemica~ . T?eory 
2. Physical Theory 
The Chemical Theory assumes that colloidal parti~les acquire 
a charge on their surface from the ionization of chemical groups 
present at its surface and subsequently, coagulation is achiev'ed· by 
the· interaction of · the said particle with an added co.agulant. Stumm 
and Morgan, (18) in describing the Chemical Theory, states that the 
primary charge on colloids arise from the ionization of complex 
ionogenic groups present on the surface of the dispersed particles, 
and that the destabilizatio'n of the colloids is due to the chemical 
interactions of complex formations and proton transfers. In other 
words, the ·Charge on the color particle is primarily due to the . 
· ionization of its constituent .ionogenic chemical groups, such as 
lO 
--
·. ·+ 
+ 
+ + 
--
........... 
' .......... + 
' + " +. \ 
+ 
+' \ 
\ + 
+ + + \ 
+ + \ 
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Fig. 3-2.--Collqidal Particle With Its Accompany~ng 
Double Layer and Potentials (19) 
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+ 
+ 
.carboxyl, phenolic hydroxyl, and others. Therefore, the strength of 
the charge depends on the degree of ionization exhibited by the 
12 
aforementioned ionogenic groups. The mechanism of coagulation occurs . 
when the above said particles .are neutralized by the addition .of · 
positive io'ns, considered 'protons, from the added coagulant. 
The Physical Theory, on the other hand, explains coagulation 
in terms of physic.al factors such as electrical double layer and 
counter adsorption .of hydralysis products with the ensuing destapili-
zation occurring as a result of the reduction in forces, i.e., the 
neutralization of the zeta potential. In their discussion on the 
physical theory, Stumm .and Morgan (20) emphasizes the concept of the · 
ele~trical ~ouble laye~. and the significance of predominantly physical 
. . 
factors, such as counter ion adsorption, reduction of zeta potential, 
and ion pair· formation during the destabilization of colloids .' 
The ·coagulants chosen should possess positive zeta potentials 
and have the ability to precipitate negatively charged particles by 
neutralization and subsequent coagulation. It has been determined by 
Schulze (21) and verified by Hardy, (21) that salts having divalent 
ions of charge opposite 'to that of the colloidal particle exert 
coagulant powers far beyond monovalent ions, while salts having 
trivalent ions of opposite charge are even more effective. Their 
· ·findings are reflected in the Schulze-Hardy Rule, (21) which states, 
'~the precipitati6n of a colloid is effected by that ion of an added 
electro·ly.te which has a charge opposite in sign to that of the 
col1oidal particles, ·and the effect of such ion increases markedly 
with the number ·of ~harges it carries. Therefore, · the trivalent ions 
should be utili~ed because they are 700 to 1000 times more effective 
than mono-valent ions and 14 to 20 times more effective than divalent 
ions (22). 
In summary, the preceding section indicates that: 
1. Because of the complexity of the colloidal system, either of 
the previously mentioned theories would be applicable in 
explaining the coagulation phenomena .• 
2. The mechanism of coagulation and flocculation must be such 
as to cause agglomeration of the colloidal particles (de-
· stabilization) into larger aggregates which can then settle 
out. 
3~ In order to bring about the coagulation of a colloidal 
suspension, it is necessary to offset t.he various factors 
which. account for its stability. Much of the behavior of 
colloidal particles is associated with the surface 
phenomena, ie.e. 
(a) Extremely large ratio of total surface area to length 
or width of particle. 
(b) The buildup ~f the surface charge in the form of a 
doubl~ layer. 
(c) The neutralization of the zeta potential. 
3.3 Common Coagulants 
The two most common coagulants used for removing color are 
forms of aluminum and iron. These coagulants ionize in water · and 
produce a solution that will conduct an electric· charge. They pro-
duce cations and anions of high valence which. react with the 
alkalinity of t~e water to form insoluble hydrous oxide precipitates. 
It has been demonstrated by Stumm and Morgan (23) that it is the 
hydralysis products which are formed that are the active agents in 
water coagulation rather than the simple aluminum and ferric ions •. 
Therefore, in water clarification, the addition of an aluminum or 
13 
ferric coagulant to the water leads to the formation of a wide range 
of hydralysis products, the proportions of which vary with pH, w~ter · 
composition arid the physical cond.itions of mixing. Table 3-1 shows 
-- -·some ·of the hydralysis products of aluminum and ferric coagulapts. 
TABLE 3-1 (24) 
HYDRALYSIS PRODUCTS OF COMMON COAGULANTS 
I ' ~ 
Aluminum 
Al(OH) ++ 
· [Al
2 
(OR) 
5
]--
Al(OH)3 
[Al(OH) 4J-
[Al(OH)2J+ 
Ferric 
Fe(OH)++ · .. 
+ [Fe(OH) 2J 
F.e(OH) 3 
[Fe
2
(0H)
5
]--
[Fe(OH)4J-
Aluminum sulfate, Al2 (so4) 3 • xH20 is a widely used aluminum · 
coagulant. It is used because . it is soluble in water and is easily 
14 
applied. Solutions of aluminum sulfate, or as it is commonly referred 
· to as alum, added to water pro.duces reactions such as: 
Al2 (so4) 3 
. 
xH20 + 2Al+++ + 3SO: + 
xH2o 
When the water becomes ionized, hydroxide ions are available, 
or: 
H+ -
· H 0 + + OH . 2 
and .. the aluminum ions then rea~t as 
2.Al+++ + 60H + · 2Al(OH) 3 
15 
Combining all the above reactions and consider that the 
n~tural alkalinity, in the form of Ca(HC03) of the water reacts with . 
the coagulant, the reaction becomes: 
However, because the complexity of the natural constituents 
of the water and the contribution of many factors, it \ s impossible to 
accurately predict the reactions. 
Table 3-2 shows other hypothetical reactions of aluminum 
sulfate . ~n the hydralysis form of Al(OH) 3. Other hydralysis products. 
of aluminum also tontribute to water coagulation . 
TABLE 3-2 (25) 
HYPOTHETICAL R~CTIONS OF ALUMINUM SULFATE 
Al2 (SO 4) 3 .• 14H20 + 3Ca (OH) 2 + 2Al (OH) 3 + 3CaSO 4 + 14H2o 
Ferric sulfate, Fe2(so4) 3, is the most commonly used iron 
· coagulant. This solution also breaks down into its hydralysis 
products. As in the case of alum, ferric sulfate reacts .with the 
natura~ alkalinity of the water or with added alkaline materials . 
Table 3-3 .shows some simplified reactions of ferric sulfate 
in the . hydraly~is form of Fe(OH) 3• Other hydralysis products of 
ferric also contribute to water coagulation. 
.. 
. ' . 
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TABLE 3-3 (26) 
HYPOTHETICAL REACTIONS OF FERRIC SULFATE 
I ' ~ 
2Fe(OH) 3 + 3Caso4 + 6C02 
' Fe2_(SO 4) 3 + 6NaOH -+ · 2Fe(OH) 3 + 3Na2so 4 
2Fe(OH) 3 + ~Caso4 
3.4 Experimental Procedures 
3.4.1 Determination of Optimum Coagulation Conditions 
Trial determination of coagulant dosage and pH values are 
made in the laboratory by using a Jar Test Apparatus (Fig. 3-3)- .· The 
apparatus consists_, basically' · of a calibrated variable motor (rpm), 
multiple stirrers, support frame, and applicable heakers. 
Tests with combinations of dosages and pH values are required 
to obtain the optimum or best color removal parameters. The tests 
also indicate, for the various combinations, the compactness, size, 
density, sheer strength and compressibility of the floes. Knowledge 
of these physical conditions is necessary because the formed floes are 
n~rmally removed by gravitational settling and filtration. 
Coagulation and· flocculation are achieved in the jar test 
apparatus through rapid mixing followed by gentle stirring. 
Rapid mixing, or· flash mixing (at 100 ·rpm), is used to 
distribute the coagulant th~oughout the water being treated. This 
rapid mixing is essential to rapidly and uniformly disperse the co-
agulant and to promote joining of coagulant metal ions with the 
_J~ ~ =-==---' 
. ., 
-J . 
' {-i . 
. ' 
._,__ -
,•, 
M 
I 
M 
' . 
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colloidal particles. This mode of mixing, with its associated high 
turbulent conditi~ns, should be maintained for 30 to 60 seconds, which 
as previously stated, should be adequate time for the coagulant to 
-hydrolize and j0in the applicable colloidal particles. 
·The second step of mixing, gentle stirring-, ·is designed to 
promote and maintain floc growth or flocculation. This mode of mixing 
increases· tqe probab~lities of particle contac:t by collision which, 
in es'sence, enhances · the opportunity' of partic1es to bind and subse-
quently flocculates. The degree of stirring or agitation must be 
great enough as to keep the floc par~icles suspended .and in motion, 
but slow e~ough as to prohibit the disintegration of newly formed 
.floes by the prevailing shearing forces. 
Becaus·e water samples frequently change in physical factors 
such as pH, alkalinity, and temperature, j~r testing is a continuous 
trial procedure. This procedure is necessary because water varies 
$.~de~y i~ quality from time. to time, and 'because the coagulation 
proce~s is so complex. 
Determinations of optimum dosage and pH values are made by . 
utilizing the jar test ·· apparatus in a series of exploratory tests. 
These tests· consist of: 
1. Approximate optimum pH, i.e., the effects of constant 
coagulant dosage over a wide range of pH values. 
2. Optimum pH, i.e., the effects of constant dosage over 
a finite range of pH values. 
3. Optimum dosage, · i.e., the effects of constant optimum 
.PH over a range of coagulant dosages. 
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The optimum condition for each test is based on the combina-
tion of pH and dosage, usually· at room temperature (23°C), which pro-
duces the best color removal. 
·Recently, critical research and investigation has been per-
formed on the present operating procedures utilized in jar tests. 
Bulusu, Kulkarni, Pathak, and Thergaonka~, (27) in India, investigat-
ing the ef.fects of time lag on 'turbidity removal, found that minimum 
time between coa'gulant addition and flash mixing proved to be optimum 
for the formation of floes as shown in Table 3-4. 
TABLE 3-4 (28) 
CHANGES IN RESIDUAL TURBIDITY AS RELATED TO TIME LAG 
Time Lag Residual Turbidity 
(sec) (mg/l)a 
0 15 
30 25 
60 30 
. 
90 34 
.120 : 36 
aAl~ Dosage - 40 mg/1, initial turbiqity - 150 mg/1 
In reference to configuration des.ign, Camp and Conklin (29) 
determined that various paddle configurations enhance the performance 
of the jar tests • In his wo·rk, Hudson (30) determined, by utilizi'ng 
Camps and Conklin paqdle configurations in conjunction with ~ control-
lable coagulant addition device, a series of f~oc settling velocity 
curves ·that .can be equated to actual plant data for the purpose of 
comparing settli~g basin· efficiencies. 
In ·summary, although extensive work has been ·performed on the 
design and ·operation of jar test apparatus, the problem of obtaining 
applicable data that commensurates with actual plant operations is 
still elusive. Even though inroads have been made, the problem of 
not obt~ining astute correlation of data seems to stem from the facts 
that: 
....,. .. I. Water quality varies, 
2. Optimum conditions vary with water quality, 
3. No concrete jar test operating procedure equated to 
actual plant operations exists. 
3.4.2 Methods of Measuring Color. 
Color in water is measured. by two different methods: 
1. Nessler Tubes 
2. Spectrophotometer 
Befo~e any measurements can be made, the authenticity of. the 
color must be determined. Color is classified as being either 
apparent or true. Apparent color indicates not only the color due 
to colloids in solutions, but also that due to suspended matter . 
Thus true color of the water can be equated only to the natural color 
of the water. Apparent color is determined on samples without 
filtration o~ centrifugation whereas true color pertains to the 
residual color left after the filtration ·or centrifugation . 
The Nessler Tube Method relies on visual comparison of the 
sample with known concentrations of color standard solutions. The 
. . 
color standard solution is made by varying mixtures of Potassium 
Ch~oroplatinate, K2PtC16, and CoC12 to encompass color units from 5 
to 100 as explained in The Standards Methods for Examination of Water 
20 
and Wastewater. This th d · d t "f 1 me o 1.s use o quant1. y co or intensity of. 
water samples that ar~ yellow-brown in color. When the color is 
blue or green, the speetrophotometer is used to determine color · 
intensity. 
Because of the relatively inexpensive cost in operations, 
'the Nessler Tube Method is used extensively. However, this method 
does have its disadvantages which can be stated as follows: 
....... 
1. A visual comparison is required, 
2. An accurate set of standard reference solutions is 
required, 
3. It is less precise than spectrophotometric. methods. 
Therefore,. this method· should, a ·.: most, be used to ·give only 
general basic. "ballpark" type information on color intensities. 
The . Spectrophotometer is a measuring device that can make 
21 
rapid transmittance and absorbance measurements in the near-ultraviolet 
and visible ranges of tpe light spectrum. 
This instrument is used to obtain quantitative and qualitative 
analysis of samples when th~ degree of accuracy requires high 
resolution. I 
The degree of accuracy is a function of the choice of wave-
length for quantitative an~lysis of the particular solution . There-
fore, a wavelength search must be undertaken. This is important since · 
the sensitivity of analysis and whether or not Beer's Law is followed 
depends on this choice. 
Beer's ~aw (31) is concerned with light absorption in rela-
tion to solution concentration. It states that the intensity of a 
ray of light. decreases exponentially .~s the concentration of the 
I ' ~ 
absQrbing· medium increases, or 
where: T = 
A = 
I = 
0 
I = 
k = 
c = 
1 l 
T = A = I = e-ke = · 10-kc 
0 
transmittance of light 
absorbance of light 
initial intensity 
measured intensity 
constant for a particular solution 
concentration of a particular so.lution (ppm) 
Thus, if light is absorbed exponentially with concentration 
over a reasonable and practical range of sample concentrations, the 
color material is said to conform to Beer's Law. In other words, if 
the observations of per cent light transmission vs. concentration 
plot along a straight line on a semilog graph, the material can be 
considered to obey Beer's Law. 
In summary, the above methods indicate two ways of measuring 
and relating color. When .accuracy is required, the Spectrophotometer 
22 
Method is advantageous. However, if ballpark readings are sufficient, 
then the Nessler Method should be utilized; 
23 
4. · RESULTS AND DISCUSSION 
A trend showing optimum coagulant and pH conditions used for re-
mov-ing color from surface waters of Central Florida was established by 
using samples from four lakes and one river. Table 4-1 shows the loca-
tion and characte!istics of water. samples evaluated. 
TABLE 4-1 
SAMPLE SOURCES 
Source pH Color Alkalinity 
(ppm) (ppm) 
Big Econ River (located 
at ·union Park - Hwy. 50) 6. 35 35.50 26 
Lake Irma 6.25 12.00 10 
Lake Pickett 6.10 6.75 5 
Lake Lee 5.30 3.25 2 
Lake Florida 6.25 23.50 8 
The jar tests was used to determine optimum coagulant, coagulant 
dosage and pH for color removal. A spectrophotometer, Beckman, Model 
DB-GT was utilized for measurements of color intensity. The percent 
transmission exhibited by the samples were equated to calibration curves 
of standard solutions of Tannic Acid and Potassium Chloroplatinate. 
S±nce the ·color in surface water is of humic substances, it would have 
been. preferred to use Humic Acid as the color reference. However, 
Humic Acids are not readily available. Therefore, Tannic Acid was · 
24 
chosen as ~he color reference. Tannic Acid follows similar absorption 
characteristics to Humic Acid. Theng, Wake, and Posner (32) determined 
that Humic Acid. has the greatest absorption at 250-'290 mlJ. The Tannic 
Acj.d exhibited maximum absorption at 266 mll (Fig. 4-1). 
The standard Potassium Chloroplatinate color solution was also 
examined for its maximum absorption. Surprisingly, its maximum ahsorp- · 
tion was also measured to be approximately 266 mlJ (Fig. 4-1). Conse-
quently, a calibration curve on semi-log paper showing log percent 
Transmission ys~ Concentrations of Tannic .Acid and K2PtC16 was establish-. 
ed (Fig. 4-2). 
The test results indicate that color removal is effective when. 
. . 
optimum conditions are reached. Variat:Lons in optimum conditions are 
dictated by several interrelated factors such as: 
1. pH 
2. Coagulant Dosage 
3. Temperature 
4.· Chemical Composition of Water 
5. Nature of Material in. Suspension 
6·. Mixing Conditions 
4.1 Effect of pH 
Figures 4-3 and 4....:4 show the· effect of pH on color removal for 
the water ·samples • . The graphs clearly indicate that an optimum pH 
value can be achieved. 
The initial pH value of the tested samples .were adjusted to read 
from 4 to .lO by using NaOH or HCl solutions. · Optimum color ·removal 
. . 
occurred in various samples at pH range from 6 to 10, with a majority 
of the optim~m readings· occurring between pH 8.25 and 9.75. However, 
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the final 'pH of · all the samples tested stayed relatively constant 
ranging from pH 3.6 . to 4.5. 
The p~ of the water is significant in determining the rate and 
e~~gnt · of coagulation. The extent of hydrolysis of both the water and 
coagulant is predicated on the pH of the water. It is,' therefore, un-
derstandable that the most important factor in color removal is the op-
timum pH condition. 
A theoretical reaction ·involving Fe2 (so4) 3 and water depicts 
what is occurring when hydrolyzed in the present of a high pH: 
+++ -- + -Fe2 (so4) 3 + 6H20 = 2Fe + 3(S04) + 6H + 60H • 
The formed ·. hydralysis products, such as Fe (OH) 3 , combine in the 
sphere of influence ·of the colloidal particle. This apparent phenomenon 
causes a. reduction in the particle's zeta potential, which previously 
impeded coagulation from occurring; thus, the following reaction takes 
place: 
[2Fe(OH) 3 • (colloidal particle)]+ 6H+ + 3SO: 
Coagulant Coagulation By-products 
The above reaction will also take place when Al2so4 is used. 
The liberated hydrogen ion is free to either remain in solution 
or combine with the so4. ion. In either case, a reduction of pH will 
result. The extent of the reduction will depend on the amount of 
coagulant used and initial pH value. 
4.2 Effect of Coagulant Dosage 
After ·establishing the optimum pH, tests were ·performed to 
measure the optimum dosage . . Various reagent grade dosages of A12 (so4) 3 
The 
results of th~ investigation are shown in Figures 4-5 and 4-6. Initial 
.30 
dosage, for both coagulants, varied .from 20 .mg/l to 100 mg/1, whereas 
the . optimum dosages ranged from 33 mg/1 to 55 mg/1. 
As shown from the graphs, . too little or too much coagulant 
. d~s~ge can cause residual color to remain in solution. Thi s is 
especially true when Ferric Sulfate is utilized _ ~s a coagulant. Figure 
4-6 shows that 'deviation from optimum dosage can indeed increase resid-
ual color. 
· Figures 4-5 and 4-6 indicate that for maximum color removal, 
coagulant dosages of Al2 (SO 4) . • 18H2o and ·Fe2 (SO 4) 3 • nH~O range from 
33 to 55 mg/l · and both coagulants. remove approximately t he same amount 
of color. Therefore, s·election of a coagulant must become a mat t er of 
economics. 
Assuming that the maximum dosage required f or optimum color 
r emova l is 55 mg/1 and that the average flow into a treatment plant is 
1 MGD, then the amount of chemical coagulant requi r ed is 460 lbs/day •. 
Table 4-2 shows the cost/day of removi ng the color. The costs 
are b a sed on the current prices for commerci ally pure wa t er treatment 
chemicals. Aluminum sulfate, Al2 (so4) 3 ·• 18H2o is avai l ab l e i n granular 
·and liquid form. The granular form contains 17% aluminum as A12o3 and 
t h e liquid form contains about one-half of that. (33) Since t he grade 
of ·alum is based ·on percent aluminum, t here is no difference between 
.. 
reagent and commercial purity. Ferric sulfate, Fe2 (so4) 3 • nH20 contains 
20% of Fe~+ or 28.5% Feo
3
• -Commerc.ial grades contain 70-90% Fe2 (so4) 3 • 
(33) 
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Fig. 4-5.--Effect of Initial Coagulant Dosage on Color Removal from Surface 
Water Bodies By Using Aluminum Sulfate 
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Fig. 4- 6.--Effect of Initial Coagulant Dosage on Color Removal From Surface 
Water Bodies By Using Ferric Sulfate 
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TABLE 4-2 
COAGULANT COSTS FOR REMOVING COLOR 
---
Coagulant Equivalent "Cost (34) Operating Cost 
Commercial Grade Dosage (mg/1) Dollar/lb Dollar/Day 
Al2 (so4) 3 . 18H20 55 .033 15.18 
tFe 2 (so4) 3 • nH 0 - 70% 79 2 pure .018 11.70 
4.3 Effect of Temperature 
To investigate the effect of temperature on coagulation, ~ test 
0 
was conducted on a water sample, from Big Econ, cooled to 8 c. The test 
revealed that flocculation 'did not occur for the given dosage (50mg/l) 
of Fe2 (SO 4) 3 • nH20 .and pH range (3-9) provided that the temperature of 
the water · during the test remained within 8 to 12°C. 
The effect of temperature on coagulation appears to be pronounced. 
For lower temperatures, the ability of flocculation to occur seems poor 
or non-existent. It is apparent that as the temperature decreases, the 
viscosity of the water increases and the mechanism of flocculation be-
comes in~ibited. However, the difficulties that arise from drops in 
temperature can be overcome by: (35) 
1. Conducting the coagulation as near as possible to the 
optimum pH for that .water's temperature. 
2. Increasing the coagulant dosage ~hich will increase 
coalesc~nce · probabilities of the particles. 
3. Adding coagulation aids such as bentonitic clays or 
activated silica. 
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5. CONCLUSIONS AND RECOMMENDATIONS 
Results of the investigation indicate that color from surface 
water was effectively removed by using Al2 (so4) 3 • 18H2o and Fe2 (so4) 3 • 
nH2o under optimum conditions of dosage and pH. A summary of optimum 
~olor removal conditions is found in Table 5-l. 
Results of the investigation fosters the following recommendations: 
1. Both coagulants are effective in reducing color to satisfy 
USPHS drinking water standards. · However, because ferric sulfate, · .if not 
used properly, can .add a color ·residual to the water . it is recommended 
that aluminum sulfate be used as the coagulant. 
2. Because · of the wide variations in the optimum conditions, 
increased investigation on additional sources of Central F.lorida's sur-
face wa ters should be undertaken to gain further information on predict-
ing, a color removal trend. 
3. In dealing with the problems that arise from low water 
temperatures, ·central Florida water supply companies, although not af-
fected, should be aware of the consequences. An indepth study into the 
effects of temperature on coagulation can n·evertheless be beneficial to 
all parties concerned. 
4. The optimum coagulant dosages were determined by using 
reagent grade chemicals • . When conducting the tests for actual plant 
operation data, commercial grade chemicals should be utilized. 
·. 
' ' I 
~ 
TABLE 5-l 
OPTIMUM COLOR REMOVAL CONDITIONS 
' Optimum Conditions 
-
Source Coagulant 
Dosage (mg/1) Initial pH 
Big Econ River Al2 (so4) 3 • 18H20 55 3r-',. \• ,.) " 6.00 
Lake Irma. Fe2 (so4) 3 . nH2o 55 11- 9·. 75 
Lake Irma Al2 (so4) 3 . 18H2o 55 ~) J._ 9.40 
Lake Pickett Fe2 (so4) 3 . nH2o 44 9.25 ~ ,. I I 
. 
Lake Pickett Al2 (so4) 3 • 18H2o 44 - 8.25 v··, 
Lake Lee Al2 (so4) 3 • 18H2o 33 ~' l.\ - 10.00 
Lake Florida Fe2 (so4) 3 • nH2o 55 L. ~· \ 8.25 
~ 
-
.. 
·,/ ( r l Lake Florida Al2 (so4) 3 • 18H20 55 ' 9.10 
- --
a Reference to · tannic acid calibration curve. 
Residu.al 
Color (ppm) a 
9.25 
4.75 
3.75 
2.25 
2.00 
0.75 
6.25 
5~25 
% 
.Color _ 
Removal a 
74 
60.5 
69 
66.6 
68 
77 
73.3 
77.6 
l \ . 
I 
.. 
w 
l.n 
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